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General Methods. Chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA) and used 
without further purification. N,N-dimethylformamide (DMF) and dichloromethane (DCM) were 
purchased from Fisher Scientific, and purified by passage under N2 pressure through two packed 
columns of neutral alumina. 3,6-Bis(5-bromofuran-2-yl)-2,5-di(2-ethylhexyl)pyrrolo[3,4-c]pyrrole- 
1,4(2H,5H)-dione 3S1, 3,6-di-(furan-2-yl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione 4S1, 2-(4,4,5,5- 
tetramethyl-1,3,2-dioxaborolanyl)azulene 8,S2 1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolanyl)azulene 
9,S2 4,4,5,5-tetramethyl-2-(naphthalenyl)-1,3,2-dioxaborolane 10S3, were prepared according to the 
procedure reported previously.  Flash chromatography was performed using silica gel (particle size 
40-63 μm). All compounds were characterized by 1H NMR (600 MHz) and 13C NMR (150 MHz) on 
Varian 600 instruments with the solvent signal as internal reference with the spectra being acquired 
at room temperature. Chemical shifts and coupling constants are reported in ppm and in Hz, 
respectively. Microwave assisted reactions were conducted on a Biotage Microwave reactor at a 
frequency of 2.5 GHz. High-resolution mass spectrometry (HRMS) was performed on a Waters 
GCT Premier Time of Flight Mass Spectrometer equipped with a field ionization source (12000 V 
extraction voltage), and the values reported represent the most abundant molecular ion. VG70 
Magnetic Sector and Waters GCT Premier TOF instruments were used for low and high resolution 
mass analysis by electron ionization (EI). IR spectra was recorded on JASCO FT/IR 4200 
spectrometer. UV-vis and fluorescence spectra were recorded on an Agilent 8453 and Varian Cary 
Eclipse Fluorescence spectrophotometer using quartz cuvettes and dichloromethane as a solvent, 
respectively. The excitation wavelength was set at 492 nm (for 4) or 562 nm (for 5) and the 
emission was recorded with the use of excitation and emission slits of 5 nm. Optical microscopy 
was collected using an Olympus CX equipped with a Motic CMOS camera. High-resolution X-ray 
diffraction was collected at Stanford Synchrotron Radiation Light source on beamline 2-1 with an 
incidence energy of 8 keV. The diffracted X-rays was collimated with two 1 mm Soller slits. 
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To a solution of 3,6-bis(5-bromofuran-2-yl)-2,5-di(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4(2H, 
5H)-dione 3S1 (65 mg, 0.10 mmol), 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolanyl)azulene 8S2 (for 2) 
or 1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolanyl)azulene 9S2 (for 1) or 4,4,5,5-tetramethyl-2- 
(naphthalenyl)-1,3,2-dioxaborolane 10S3 (for 5) (56 mg, 0.22 mmol) and Cs2CO3 (163 mg, 0.50 
mmol) in 2.0 mL of toluene and 0.20 mL of DMF was degassed by the three freeze pump thaw 
cycles. Pd(PPh3)4 (12 mg, 0.010 mmol) was added and then the vial was placed into a microwave 
reactor to heat at 150 oC for 1 h with stirring. The reaction mixture was quenched with water, and 
the aqueous layer was extracted with CHCl3 (20 mL×3). The combined organic layer was washed 
with water and dried over MgSO4. The organic solvent was removed under reduced pressure and 
the residue was subjected to flash column chromatography on silica gel with hexane/CH2Cl2 (v/v = 
1/3) as eluents to afford corresponding conjugates.  
 
3,6-Bis(5-(1-azulenyl)furan-2-yl)-2,5-di(2-ethylhexyl)pyrrolo[3,4
-c]pyrrole-1,4(2H,5H)-dione (1): A blue solid (52 mg, 69% yield). 
IR (KBr): 1650 cm-1 (C=O). 1H NMR (600 MHz, CDCl3, ppm): 
δ 0.73 (t, J = 7.2 Hz, 6H), 0.87 (t, J = 7.2 Hz, 6H), 1.14-1.23 (m, 
8H), 1.25-1.46 (m, 8H), 1.95 (q, J = 6.0 Hz, 2H), 4.26 (d, J = 7.2 Hz, 4H), 6.98 (d, J = 4.2 Hz, 2H), 
7.23 (t, J = 9.6 Hz, 2H), 7.29 (t, J = 9.6 Hz, 2H), 7.42 (d, J = 3.6 Hz, 2H), 7.66 (t, J = 9.6 Hz, 2H), 
8.20 (d, J = 3.6 Hz, 2H), 8.32 (d, J = 9.6 Hz, 2H), 8.55 (d, J = 3.6 Hz, 2H), 8.87 (d, J = 9.6 Hz, 2H). 
13C NMR (150 MHz, CDCl3, ppm): δ 10.7, 13.9, 23.1, 23.6, 28.6, 30.4, 39.4, 46.6, 106.5, 109.9, 
118.5 119.1, 123.1, 124.9, 125.2, 132.4, 134.7, 135.9, 136.2, 137.8, 139.1, 143.4, 143.7, 155.4, 





























2.2 equiv R = 2-ethylhexyl












pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione (2): A blue solid 
(63 mg, 84% yield). IR (KBr): 1658 cm-1 (C=O). 1H NMR 
(600 MHz, CDCl3, ppm): δ 0.85 (t, J = 7.2 Hz, 6H), 0.94 (t, 
J = 7.2 Hz, 6H), 1.25-1.33 (m, 8H), 1.38-1.52 (m, 8H), 2.03(q, J = 6.0 Hz, 2H), 4.26 (d, J = 7.8 Hz, 
4H), 7.16 (d, J = 3.6 Hz, 2H), 7.17 (t, J = 9.0 Hz, 4H), 7.51 (t, J = 9.0 Hz, 2H), 7.59 (s, 4H), 8.25 (d, 
J = 9.0 Hz, 4H), 8.57 (d, J = 3.6 Hz, 2H). 13C NMR (150 MHz, CDCl3, ppm): δ 10.6, 14.1, 23.3, 
23.6, 28.5, 30.4, 39.4, 46.8, 107.7, 113.0, 113.6, 123.4, 124.5, 132.7, 136.6, 137.0, 137.1, 141.3, 
145.0, 155.3, 161.2. HRMS (EI): m/z [M]+ calcd for C50H52N2O4 744.3927; found, 744.3907.  
 
3,6-Bis(5-(2-naphthyl)furan-2-yl)-2,5-di(2-ethylhexyl)- 
pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione (5): A dark red 
solid (58 mg, 77% yield). IR (KBr): 1656 cm-1 (C=O). 1H 
NMR (600 MHz, CDCl3, ppm): δ 0.82 (t, J = 7.2 Hz, 6H), 
0.94 (t, J = 7.2 Hz, 6H), 1.23-1.30 (m, 8H), 1.34-1.56 (m, 8H), 2.02 (q, J = 6.0 Hz, 2H), 4.24 (d, J = 
7.8 Hz, 4H), 7.07 (d, J = 3.6 Hz, 2H), 7.50 (dt, J = 1.8, 7.2 Hz, 2H), 7.53 (dt, J = 1.8, 7.2 Hz, 2H), 
7.81 (dd, J = 1.8, 8.4 Hz, 2H), 7.88 (d, J = 8.4 Hz, 2H), 7.88 (t, J = 9.0 Hz, 4H), 8.21 (s, 2H), 8.53 
(d, J = 3.6 Hz, 2H). 13C NMR (150 MHz, CDCl3, ppm): δ 10.7, 14.0, 23.2, 23.6, 28.6, 30.4, 39.4, 
46.8, 106.8, 109.7, 122.3 122.9, 123.5, 126.7, 126.8, 126.9, 127.9, 128.3, 128.8, 132.9, 133.3, 133.4, 



























To a solution of bromobenzene (47 mg, 0.30 mmol), 2-(4,4,5,5-tetramethyl-1,3,2-dioxa- 
borolanyl)azulene 8S2 (for 6) or 1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolanyl)azulene 9S2 (for 7) (99 
mg, 0.39 mmol) and Cs2CO3 (489 mg, 1.5 mmol) in 3.0 mL of toluene was added Pd(PPh3)4 (36 mg, 
0.030 mmol). The reaction mixture was stirred at 100 oC for 3 h (for 6) or 15 h (for 7) and then 
quenched with a saturated aqueous NH4Cl solution. The aqueous layer was extracted with CH2Cl2 
(10 mL×3), and the combined organic layer was washed with brine followed by drying over 
MgSO4. The organic solvent was removed under reduced pressure and the residue was subjected to 
flash column chromatography on silica gel with hexane/CH2Cl2 (v/v = 20/1) as eluents to afford 
corresponding coupling products.  
 
2-Phenylazulene (6): A purple solid (55 mg, 90% yield). 1H NMR (600 MHz, CDCl3, 
ppm): δ 7.19 (t, J = 9.6 Hz, 2H), 7.36 (t, J = 7.2 Hz, 1H), 7.47 (t, J = 7.2 Hz, 2H), 7.52 (t, 
J = 9.6 Hz, 1H), 7.69 (s, 2H), 7.97 (d, J = 7.2 Hz, 2H), 8.30 (d, J = 9.6 Hz, 2H). 13C 
NMR (150 MHz, CDCl3, ppm): δ 114.4, 123.7, 127.6, 128.2, 128.9, 135.9, 136.4, 136.5, 
141.3, 149.9. HRMS (EI): m/z [M]+ calcd for C50H52N2O4 204.0939; found, 204.0932.  
 
1-Phenylazulene (7): A blue solid (53 mg, 86% yield). 1H NMR (600 MHz, CDCl3, 
ppm): δ 7.16 (dt, J = 2.4, 9.6 Hz, 2H), 7.36 (t, J = 7.6 Hz, 1H), 7.45 (t, J = 3.6 Hz, 1H), 
7.50 (t, J = 7.2 Hz, 2H), 7.60 (t, J = 9.6 Hz, 1H), 7.63 (dd, J = 2.4, 9.6 Hz, 2H), 8.03 (d, 
J = 3.6 Hz, 1H), 8.36 (d, J = 9.6 Hz, 1H), 8.57 (d, J = 9.6 Hz, 1H). 13C NMR (150 MHz, CDCl3, 
ppm): δ 117.4, 123.0, 123.3, 126.3, 128.6, 129.7, 131.3, 135.2, 135.6, 137.1, 137.3, 137.5, 138.2, 

























UV-Visible absorption data  
 




340 (12.1), 353 (14.5), 499 (21.3), 539 (37.6)
λmax/nm (εx10-3/M-1cm-1)
309 (14.2), 409 (6.3), 430 (8.8), 619 (18.9), 672 (20.9)





350 (9.8), 562 (19.5), 610 (31.6)NpDPP (5)
298 (21.2), 308 (22.2), 372 (3.9), 390 (4.6), 614 (0.1)2-AzPh (6)
297 (17.9), 354 (3.0), 370 (3.2), 601 (0.1)1-AzPh (7)
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Theoretical Calculations 
Geometry optimizations were carried out using the Gaussian 09 quantum chemistry program 
packageS4 at the B3LYP functional.S5 All compounds were fully optimized with the 6-31G* basis 
set.S6 Geometry optimizations were performed at the same level of the theory. The time-dependent 
density functional theory (TDDFT) calculations were conducted at the B3LYP/6-31G* level of 



























LUMO     HOMO 0.71059
LUMO     HOMO-2 0.62349
0.1932472.22 LUMO+2     HOMO  0.64512
0.3183415.36 LUMO     HOMO-4 0.64116
0.0111
Oscillator Strength






LUMO+2     HOMO 0.57405
LUMO+1     HOMO-1 0.55914
0.0536475.35 LUMO+4     HOMO  0.21987
0.1648421.49 LUMO+2     HOMO-2 0.58510
LUMO     HOMO 0.42576
0.0706
Oscillator Strength






LUMO     HOMO 0.71138
LUMO+2     HOMO  0.53042
0.0280
Oscillator Strength






LUMO     HOMO 0.71591
LUMO+2     HOMO 0.70286
0.5336515.64 LUMO     HOMO-2  0.42728



















LUMO+2     HOMO 0.70514
LUMO+4     HOMO 0.68157
LUMO     HOMO-2  0.13278
LUMO+1     HOMO-3 0.11587
0.0149544.65 LUMO     HOMO-2 0.43956
LUMO+1     HOMO-3  0.35301
LUMO+2     HOMO-2 0.23467
1.4018
Oscillator Strength






LUMO+1     HOMO-1 0.68983
LUMO+2     HOMO 0.68898
0.0077622.82 LUMO+3     HOMO 0.61719
LUMO+1     HOMO-2  0.27509
LUMO+3     HOMO-1 0.18886
0.0180613.92 LUMO+1     HOMO-2 0.64288
0.0579582.67 LUMO+1     HOMO-4 0.65516
0.0186567.36 LUMO+1     HOMO-3 0.66333
LUMO+1     HOMO-4  0.23484
1.4189
Oscillator Strength






LUMO     HOMO-1 0.69817
LUMO     HOMO 0.64533
LUMO+1     HOMO 0.31078
0.5416807.00 LUMO+1     HOMO
0.0149613.08 LUMO     HOMO-2 0.51006
LUMO+1     HOMO-1 0.21652
0.0129582.31 LUMO+2     HOMO-1 0.64012
LUMO+1     HOMO-1 0.15540
0.2503543.76 LUMO+2     HOMO 0.45531
LUMO     HOMO-2 0.41483
0.62964
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Cartesian Atomic Coordinates for the Geometry Optimized Structure 
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1H NMR Change of Azulene Derivatives 1, 2, 6 and 7 with TFA and Et3N.  
  NMR change with acid and base was monitored in CDCl3 at rt. Each set of 1H NMR shown in 
Figure S5-S8 contains spectrum in the neutral state (bottom), upon the protonation by excess 
(>1000 equiv) amount of TFA (middle), and after the subsequent addition of excess amount of 
triethylamine (upper), respectively. After the neutralization of TFA solutions with triethylamine, 





























































Figure S2. NMR changes of 1-AzDPP 1 in CDCl3 at rt.
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TFA (excess)






















Figure S4. NMR changes of 1-AzPh 7 in CDCl3 at rt.
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Figure S5. UV-vis spectra in CH2Cl2 of AzPh 6 and 7 for neutral state (solid line) and upon the 
addition of ca. 1000 equiv of TFA (dashed line). Inset: photographs in the neutral state (left) 
and after protonation by TFA (right).
Figure S6. UV-vis spectra in solution-cast thin films of 1-AzDPP 1, 
2-AzDPP 2, DPP 4, and NpDPP 5.
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1H NMR and 13C NMR Spectra of New Compounds 
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